Coastal marine ecosystems are characterized by a h i g h d e g r e e o f n a t u r a l v a r i a b i l i t y . The weak r e s o l v i n g power of marine science t o d i f f e r e n t i a t e between e f f e c t s a s c r i b a b l e t o n a t u r a l f a c t o r s v e r s u s human i n t e r v e n t i o n o f t e n l e a d s t o u n r e a l i s t i c e x p e c t a t i o n s o f ''goods and services" that these ecosystems c a n p r o v i d e . T h i s h i g h u n c e r t a i n t y o f t e n c o n t r i b u t e s t o f a u l t y c o m m u n i c a t i o n among s c i e n t i s t s , r e s o u r c e managers and t h e p u b l i c .
Coastal marine ecosystems are characterized by a h i g h d e g r e e o f n a t u r a l v a r i a b i l i t y . The weak r e s o l v i n g power of marine science t o d i f f e r e n t i a t e between e f f e c t s a s c r i b a b l e t o n a t u r a l f a c t o r s v e r s u s human i n t e r v e n t i o n o f t e n l e a d s t o u n r e a l i s t i c e x p e c t a t i o n s o f ''goods and services" that these ecosystems c a n p
r o v i d e . T h i s h i g h u n c e r t a i n t y o f t e n c o n t r i b u t e s t o f a u l t y c o m m u n i c a t i o n among s c i e n t i s t s , r e s o u r c e managers and t h e p u b l i c . W e b e l i e v e t h a t t h i s p r o b l e m i s f u r t h e r enhanced by misunderstandings o f t h e need t o intergrate monitoring and research. W e e x p l a i n why m o n i t o r i n g i s a r e t r o s p e c t i v e a c t i v i t y and t h e p r i n c i p a l way i t can become a p r o s p e c t i v e a c t i v i t y i s t h r o u g h h y p o t h e s i s framing, testing,
and modeling.
W e d e s c r i b e t h e l o g i c t h a t u n d e r p i n s a program designed t o c h a r a c t e r i z e t h e l i m i t s o f a p p l ic a b i l i t y o f e x t r a p o l a t i o n f r o m l a b o r a t o r y d a t a t o t h e f i e l d . T h i s i n t e r a c t i v e , i t e r a t i v e
process couples concepts of monitoring and research so t h a t t h e r e s e a r c h q u e s t i o n and method a r e l i n k e d t o s p a t i a l a n d t e m p o r a l scales o f e c o l o g i c a l v a r i a b i l i t y . W i t h o u t such considerations, important ecological relationships remain unspecified, thus precluding meaningful approaches t o management o f such complex but valuable ecosystems.
INTRODUCTION lost coastal waters, especially estuaries, a r e e c o l o g i c a l l y complex, v a r i a b l e , and h i g h l y v a l u e d f o r t h e i r e n v i r o n m e n t a l a m e n i t i e s and resources. I t i s o u r i n t e n t i o n t o d i s c u s s how i n t e g r a t i o n o f r e s e a r c h and m o n i t o r i n g a c t i v i t i e s can apply t o c o n t i n u i n g p r o b l e m s of serious environmental degradation in many o f t h e s e systems.
Need f o r t h i s i n t e g r a t i o n i s w i d e l y acknowledged by environmental scientists and resource managers. Our experience suggests that a d i s p a r i t y e x i s t s i n how environmental monitoring and research i n c o a s t a l w a t e r s a r e c o o r d i n a t e d and i n t e g r a t e d v e r s u s t h e e x i s t i n g k n o w l e d g e o f how t o h a r m o n i z e t h e s e t w o a c t i v i t i e s t o b e t t e r s e r v e t h e m u t u a l i n t e r e s t o f management and science. This i s e s p e c i a l l y t r u e f o r envi ronmental assessments (1-2).
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Our t h e s i s i s t h a t m o n i t o r i n g a n d r e s e a r c h have become s i g n i f i c a n t l y d e c o u p l e d d u r i n g t h e p a s t few decades, e s p e c i a l l y i n p O l l U t i O n studies of coastal marine ecosystems. Decoupl i n g has r e s u l t e d i n an important weakening o f t h e cause and e f f e c t r e s o l v i n g power o f c o a s t a l m a r i n e s c i e n c e . I n a r e l a t e d commentary w i t h emphasis on freshwaters, Likens (3) a r g u e d f o r more meaningful long-term monitoring which would provide the basis for framing testable hypotheses.
He contended t h a t " i n n o v a t i v e r e s e a r c h ( a n d t h i n k i n g ) which i s based on long-term empirical data i s c
r i t i c a l t o t h e development and maturation of ecology, and i s fundamental t o t h e e s t a b l i s h m e n t o f h i gh-qual i t y resource management programs . I '

A t t h e s c a l e o f an e s t u a r y o r a major segment thereof, one u s u a l l y d i s c o v e r s o n l y l o o s e a s s o c i a t i o n s between contaminant residues and a s s o c i a t e d e f f e c t s w i t h p a t t e r n s o f i n d u s t r i a li z a t i o n and urbanization around the coasts, although some new approaches t o s t a t i s t i c a l modeling are quantifying some o f t h e s e r e l a t i o nships (4). W i t h r e g a r d t o m o n i t o r i n g d a t a , recent emphasis i n c o a s t a l w a t e r s has been on i n t e r p r e t a t i o n o f h i s t o r i c a l t r e n d d a t a i nv o l v i n g such v a r i a b l e s as freshwater flows, t i d e s , t e m p e r a t u r e , s a l i n i t y , d i s s o l v e d oxygen and b i o t a ( 5 ) . T h e r e i s e v i d e n c e t h a t ,
when m o n i t o r i n g and research are integrated, s i g n i f i c a n t p r o g r e s s c a n be made i n e v a l u a t i n g t h e i m p o r t a n c e o f t o x i c c h e m i c a l and o t h e r e f f e c t s on marine l i f e a t t h e p o p u l a t i o n , community and ecosystem l e v e l s o f o r g a n i z a t i o n (6-10).
M o n i t o r i n g , r e g a r d l e s s o f s p e c i f i c o b j e c t i v e s , i.e., baseline surveys, trend monitoring, impact detection, compliance monitoring, e s t a b l i s h m e n t o f c a u s a l i t y and p r e d i c t i o n s , has the general purpose of determining whether an environment i s or w i l l be changed from i t s r e f e r e n c e s t a t e by anthropogenic or nonanthropogenic causes (11). M o n i t o r i n g t r a c k s important changes t h a t o c c u r i n t h e e c o s y s t e m o f i n t e r e s t and h e l p s t o d e f i n e r e l a t i o n s h i p s t h a t w a r r a n t a p p l i c a t i o n o f f u n c t i o n a l l y oriented research (12).
Whether conducted i n t h e l a b o r a t o r y o r f i e l d , r e s e a r c h i s a key analytical approach to understanding e c o l o g i c a l c o m p l e x i t i e s and e s t a b l i s h i n g c a u s a l r e l a t i o n s h i p s . Thus, i n an applied c o n t e x t , m o n i t o r i n g and research are seen as complementary ways o f g a i n i n g u s e f u l know1 edge about estuarine ecosystems. Comparative estuar i n e s c i e n c e h e l p s make t h i s knowledge more generalizable; hence, o f g r e a t e r U t i l i t y (13). I n a s t r i c t sense, t h e r e a r e s i t u a t i o n s t h a t do n o t l e n d t h e m s e l v e s r e a d i l y t o t h e more t r a d i t i o n a l c o n c e p t o f i n t e g r a t i n g m o n i t o r i n g and research. For example, environmental degradation may occur so r a p i d l y t h a t r e s o u r c e managers must act immediately despite numerous s c i e n t i f i c u n c e r t a i n t i e s . I n such s i t u a t i o n s , one can p e r f o r m i n i t i a l "desk analyses" based on e x i s t i n g i n f o r m a t i o n and attempt t o p r o v i d e u s e f u l s c i e n t i f i c g u i d a n c e . I t may b e f e a s i b l e t o c a r r y o u t a so-called management experiment, whereby a s t r u c t u r e d m o n i t o r i n g e f f o r t t h a t u t i l i z e s h y p o t h e s i s t e s t i n g i s designed t o e v a l u a t e s u c c e s s o f a r e g u l a t o r y or management action (12, 14) . This, of c o u r s e , t y p i c a l l y l a c k s t h e a n a l y t i c a l c o n t r o l o f more s t r u c t u r e d f i e l d and l a b o r a t o r y experimental research.
As background, we discuss under the t i t l e o f observations some general features of what i s well-known and not well-known about estuaril and contaminants.
W e next address some impediments t o p r o g r e s s by examining factors o t h e r t h a n t e c h n i c a l and conceptual design f e a t u r e s r e q u i r e d t o i n t e g r a t e m o n i t o r i n g and r e s e a r c h e f f e c t i v e l y . 
OBSERVATIONS
Comments on What Is Me1 1-known I n t h e U n i t e d S t a t e s , t h e m a j o r i t y o f t h e human p o p u l a t i o n r e s i d e s i n t h e c o a s t a l zone, and t h e numbers o f p e o p l e a r e e x p e c t e d t o c o n t i n u e t o i n c r e a s e , e s p e c i a l l y i n t h e c o a s t a l zone o f t h e " s u n b e l t " s t a t e s ( 1 5 ) .
Based an t h e o b s e r v a t i o n t h a t many coastal marine ecosystems, e s p e c i a l l y e s t u a r i e s , a r e s t i l l e x p e r i e n c i n g environmental degradation, there i s a need t o i m p r o v e o u r s c i e n t i f i c u n d e r s t a n d i n g and p r e d i c t a b i l i t y f o r management purposes. Most e s t u a r i e s r e c e i v e a complex mix of contaminants that includes sediments, nutrients, t r a c e m e t a l s and t o x i c o r g a n i c c h e m i c a l s f r o m p o i n t and non-poi n t sources. Since about 1880, t h e r e has been a s i g n i f i c a n t i n c r e a s e i n t h e u s e o f i n o r g a n i c f e r t i l i z e r s ( 1 7 ) t h a t c a n be t r a n s p o r t e d t o c o a s t a l waters.. Many e s t u a r i e s received 1 arge supplies of trace metals d u r i n g t h e i n d u s t r i a l r e v o l u t i o n and h i g h concentrations are still found i n t h e sediments.
Synthetic organic chemicals began t o i n c r e a s e i n c o a s t a l w a t e r s a b o u t t h e t i m e o f WW 11. Some estimates suggest that about 70,000 chemicals are currently in commercial use and approximately 1,000 new ones are synthesized each year (8). The presence of many t o x i c organic chemicals i n e s t u a r i e s , some a t v e r y h i g h c o n c e n t r a t i o n s , i s confirmed by sediment and t i s s u e a n a l y s i s .
With regard to sediments, nutrients, and t r a c e metal.s, many estuaries have received these m a t e r i a l s f o r decades t o c e n t u r i e s , (e.y., l a n d c l e a r i n g f o r a g r i c u l t u r e i n t h e Chesepeake Bay a r e a s i g n i f i c a n t l y i n c r e a s e d t h e s u p p l y o f sediments t o t h e upper Chesapeake and i t s t r i b u t a r i e s by t h e mid-17COls) (18).
W e s p e c u l a t e t h a t human i n t e r v e n t i o n i n many e s t u a r i n e p r o c e s s e s i n t h e U n i t e d S t a t e s preceded the industrial revolution, and f u r t h e r r e s e a r c h i s r e q u i r e d t o a s s e s s t h e t i m e and p a t t e r n of recovery of ecosystems subject to long-term environmental stress. R e l a t i v e l y few, q u a n t i t a t i v e , l o n g -t e r m d a t a s e t s document t h e presumed i n c r e a s e i n mass l o a d i n g o f c o n t a m i n a n t s t o t i d a l w a t e r s f r o m l a n d r u n -o f f or aerial deposition. Also, few s t u d i e s have addressed mass b a l a n c e f o r t h e load of a p a r t i c u l a r c o n t a m i n a n t t o c o a s t a l t i d a l waters.
A b i l i t y t o c a l c u l a t e mass balance i s an important component f o r c h a r a c t e r i z a t i o n o f t h e f a t e o f c o n t a m i n a n t s ; f a t e b e i n g e s s e n t i a l t o r e l a t i n g b i o l o g i c a l e f f e c t s t o exposure concentrations (19).
Most knowledge concerning the effects of contaminants i s based on l a b o r a t o r y s t u d i e s , o f t e n on a l i m i t e d number of species. However, i n r e c e n t y e a r s , u s e o f m u l t i s p e c i e s t e s t s (microcosms and mesocosms) i n s t u d i e s o f contaminant fate and e f f e c t s has increased (20-24).
Recycl i ng o f n u t r i e n t s s u p p o r t s much o f t h e p r i m a r y p r o d u c t i o n i n e s t u a r i n e ecosystems and t h e b e n t h i c compartment i s very important i n t h e r e c y c l i n g p r o c e s s . Trace metals also enter the biogeochemical cycle in these ecosystems; some knowledge i s a v a i l a b l e a b o u t t o t a l m e t a l c o n c e n t r a t i o n s and t h e i r p h y s i c a l t r a n s p o r t , b u t i n f o r m a t i o n on e f f e c t s o f t h e b i o l o g i c a l l y a c t i v e f o r m s o f m e t a l s i s l i m i t e d .
Local areas of many e s t u a r i e s c o n s t i t u t e a p u b l i c h e a l t h r i s k because o f human pathogens, w h i l e some t o x i c a n t s have been found t o bioconcentrate and/or biomagnify to become known o r p o t e n t i a l r i s k s t o human consumers. B u t , t h e r i s k t o m a r i n e p o p u l a t i o n s t h a t c o n t a i n h i g h t i s s u e r e s i d u e s i s l e s s c l e a r l y understood, with the exception of some pesticides.
Gross b i o l o g i c a l e f f e c t s o f c e r t a i n m a t e r i a l s c o n t a i n e d i n o i l s p i l l s and o u t f a l l s a r e much better described.
Comments on What I s Not Well-Known Our purpose i s n o t t o l i s t a l o n g s e t of definitive statements about what i s unknown i n a causal context. W e b e l i e v e t h a t l a c k o f p r e d i c t i v e a b i l i t y f o r e s t u a r i e s i s based on l a c k o f i n -d e p t h k n o w l e d g e o f e c o l o g i c a l processes and t h a t t h i s p r e c l u d e s u n d e r s t a n d i n g of how these ecosystems respond t o t h e b r o a d array of contaminants. Nixon (17) described a number o f a r e a s t h a t l a c k s c i e n t i f i c u n d e r s t a n d i n g , e s p e c i a l l y t h e e f f e c t s o f i n t e r a c t i o n between nutrient enrichment and toxic chemicals. Apparently, firm cause and e f f e c t r e l a t i o n s h i p s t e n d t o b e presumed, r a t h e r t h a n d e m o n s t r a t e d . I n t h i s r e s p e c t , s c i e n t i f i c u n c e r t a i n t y i s s t i l l a major f a c t o r i n c o a s t a l m a r i n e s c i e n c e .
These u n c e r t a i n t i e s p r o v i d e o p p o r t u n i t i e s and challenges for estuarine science to respond t o w i t h a renewed sense o f purpose. However, progress may r e q u i r e a more e f f e c t i v e coup1 i n g o f m o n i t o r i n g a n d r e s e a r c h a c t i v i t i e s and i n c o r p o r a t i o n o f t h i s c o n c e p t i n an o v e r a l l coastal marine research strategy.
For example, t h e r e c e n t s c i e n t i f i c phase o f t h e U.S. EPA
Chesapeake Bay Program demonstrated t h e d i f f i c u l t y o f e v a l u a t i n g v a r i a b i l i t y o f h i s t o r i c a l d a t a d e r i v e d f r o m n o n -i n t e g r a t e d monitoring and research (18).
Impediments t o Progress: Uneasy A l l i a n c e s
E f f e c t i v e management o f p o l 7 u t i o n r e q u i r e s knowledge o f d e t r i m e n t a l e f f e c t s t h a t o c c u r i n t h e environment and the factors that cause t h o s e e f f e c t s (25). O p e r a t i o n a l l y , t h i s r e q u i r e s an a b i l i t y t o d i s t i n g u i s h v a r i a b i l i t y associated with non-anthropogenic factors from human i n t e r v e n t i o n .
Many p o l l u t i o n problems i n e s t u a r i e s h a v e a l o n g h i s t o r y . S o l u t i o n s have been compromised by s c i e n t i f i c u n c e r t a i n t y , t h e o r e t i c a l l i m i t a t i o n s , economic c o n s t r a i n t s , m u l t i p l e u s e c o n f l i c t s , and t h e changing nature i n t h e v a r i e t y o f p o l l u t a n t s . To t h e s e c o n s t r a i n t s a r e added t h e d i f f e r e n t o b j e c t i v e s o f s c i e n t i s t s ' a n d r e s o u r c e managers.
S c i e n t i s t s t e n d t o p r e f e r t o work i n areas where uncertainties are high, and which p r o v i d e o p p o r t u n i t i e s f o r d i s c o v e r y , whereas t h e p u b l i c and environmental managers tend t o p r e f e r more c e r t a i n t y a b o u t t h e i r e n v i r o n m e n t and i n t h e i r d e c i s i o n m a k i n g (26)
. Ruckelshaus (27) suggested that these opposing tendencies a r e t h e s o u r c e o f an uneasy ' a l l i a n c e among s c i e n t i s t s , r e g u l a t o r s and managers. There i s m e r i t i n t h i s s u g g e s t i o n , b u t we a l s o suggest that there are other examples of uneasy alliances that have major impacts on t h e manner i n which coastal marine research i s a p p l i e d t o m a n a g e r i a l needs.
I n a d d i t i o n t o t h e b u d g e t c y c l e problem, research managers often emphasize short-term commitments and products and m a i n t a i n a reward s y s t e m t h a t i s b i a s e d i n f a v o r o f s c i e n t i f c p r o d u c t i v i t y a s s o c i a t e d w i t h s h o r t -t e r m studies.
Thus, hypotheses that have a r e l a t i v e l y l o n g -t e r m component, e.g., 5 t o 10 years, may n o t r e c e i v e s t r o n g s u p p o r t . W e b e l i e v e t h a t l o n g -t e r m m o n i t o r i n g and research can be organized constructively i n t o i m p o r t a n t m i l e s t o n e s t h a t do n o t p l a c e unreasonable burdens on publication records.
Long-term data have been generated through wisdom and t e n a c i t y by i n d i v i d u a l s and o c c a s i o n a l l y by i n s t i t u t i o n s , and these d a t a o f t e n become t h e " c e n t e r p i e c e " f o r problem analysis (e.g., t h e s t r i p e d b a s s j u v e n i l e i n d e x d e v e l o p e d b y t h e S t a t e o f M a r y l a n d f o r Chesapeake Bay) (18,28).
O f s p e c i a l c o n c e r n a r e s i t u a t i o n s i n w h i c h resource managers a r e c o n f r o n t e d w i t h s e r i o u s environmental problems and scientists, i n good f a i t h , d i f f e r i n t h e i r assessments. The Hudson R i v e r power p l a n t c o n t r o v e r s y t h a t f a i l e d t o r e s o l v e , s c i e n t i f i c a l l y , t h e s t r i p e d b a s s (Morone s a x a t i l i s ) r e c r u i t m e n t i s s u e i s an example.
The i s s u e p i t t e d r e s o u r c e managers, s c i e n t i s t s , i n d u s t r y o f f i c i a l s and members o f p u b l i c i n t e r e s t groups against each other (29). Some r e s o l u t i o n t o such problems i s p o s s i b l e i f each proponent of an hypothesis points out reasonable alternative hypotheses and major uncertainties not addressed by research (30). Another uneasy a l l i a n c e shows up i n t h e need f o r i n t r a -and interagency coordination. Some agencies o r t h e i r s u b u n i t s a r e r e s p o n s i b l e p r i m a r i l y f o r f i s h e r i e s r e s e a r c h , o t h e r s f o r physical marine science, and o t h e r s f o r water quality. Therefore, monitoring and research are often administratively separated and budgets defended independently. This o v e r t a x e s t h e a b i l i t y o f t h e m o s t d i l l i g e n t research manager t o implement an i n t e rd i s c i p l i n a r y e c o l o g i c a l p r o g r a m w i t h i n and among governmental agencies.
We have addressed some nontechnical issues t h a t we feel impinge upon the success of our n a t i o n ' s a b i l i t y t o m a i n t a l n and improve i t s management of coastal resources. This brief treatment i s i n t e n d e d t o b e i n d i c a t i v e t h r o u g h s e l e c t e d examples, n o t comprehensive.
As we look t o t h e f u t u r e (i.e., t h e y e a r 2000), we should ask ourselves -Are we o r g a n i z e d t o d e t e c t a t an e a r l y s t a g e and make e f f e c t i v e responses to generalized problems of d e t e r i o r at i o n of feSOUrceS such as Chesapeake Bay? This would l i k e l y r e q u i r e an improvement i n p r e d i c t i v e c a p a b i l i t i e s ( c o u p l i n g of research and m o n i t o r i n g ) w i t h r e g a r d t o t h e e c o l o g i c a l response of coastal ecosystems to present and f u t u r e l e v e l s o f environmental stress.
SCALE CONSIDERATIONS
An a p p r e c i a t i o n o f s c a l e i s a c r i t i c a l f e a t u r e i n c o u p l i n g f i e l d m o n i t o r i n g w i t h f i e l d and laboratory research.
The f o l l o w i n g q u o t a t i o n , t h o u g h o r i g i n a l l y made i n an oceanographic context, is a p p l i c a b l e t o c o a s t a l w a t e r s and e s t u a r i e s : " I n t h e p a s t decade, a conceptual framework has emerged i n t h e b i o l o g i c a l oceanographic community (31) i n which the importance of understanding the v a r i a b i 1 i t y of the marine ecosystem i s accorded a t l e a s t as much emphasis as q u a n t i f i c a t i o n o f t h e i n s t a n t a n e o u s or mean values of the system variables. I t has a l s o become recognized that ecosystem variance can occur simultaneously on more than one time-scale. Hand-i n-hand w i t h t h e e v o l u t i o n o f these ideas has progressed the development o f s u i t a b l e i n s t r u m e n t a t i o n Physical and b i o t i c s c a l i n g was very important i n d e s i g n c r i t e r i a i n microcosm research i n Narragansett Bay (22).
i d g e s i f t h e y d i d n o t a p p r e c i a t e s c a l e and a r t i s t s have a p p r e c i a t e d t h e s i g n i f i c a n c e o f s p a t i a l and temporal scales i n t h e i
A t t e n t i o n t o s c a l e enhanced t h e s c i e n t i f i c meaning o f a t e s t o f the hypothesis that ecosystems respond linearly t o environmental fluctuations. This hypothesis was r e j e c t e d as a generalization based on m i crocosm research (38).
The 
and infaunal macrobenthos i n A p a l a c h i c o l a Bay, and about 7 y e a r s o f d a t a on b e n t h i c i n v e r t e b r a t e s i n t h e l o w e r Y o r k R i v e r e s t u a r y . Some i m p o r t a n t c o n c l u s i o n s r e s u l t i n g f r o m these studies are: 1) u s e o f l a b o r a t o r y and f i e l d d a t a t o e x p l a i n p a t t e r n s o b s e r v e d i n t h e f i e l d must be based on temporal and s p a t i a l v a r i a b i l i t y o f b i o l o g i c a l and non-biological components o f t h e s y s t e m i n question; 2) thus, frequency of sampling i s c r i t i c a l t o t h e s c a l e o f v a r i a b i l i t y o f t h e measured endpoints; and 3) one must exercise c a r e i n r e l a t i n g t h e r e s e a r c h q u e s t i o n t o t h e s c a l e o f e c o l o g i c a l v a r i a b i l i t y , o t h e r w i s e false assumptions can lead t o Dayton's (44) "mu" e f f e c t , w h i c h d e s c r i b e s
when the research question, sampling, and experimental design cannot be r e l a t e d m e a n i n g f u l l y .
The i s s u e o f s c a l e i s a k e y f a c t o r i n t h e f o r m a l d e f i n i t i o n o f t h e t e r m e c o s y s t e m (45,46). Lewis and P l a t t ( 3 4 ) a d d r e s s e d t h i s i s s u e --and we paraphrase: The degree t o which a p a r t i c u l a r a r e a i s s a i d t o be autonomous w i t h r e s p e c t t o e c o l o g i c a l d y n a m i c s i s d e p e n d e n t on t h e s i z e o f t h e domain and t h e t i m e s c a l e over which autonomy i s t e s t e d .
They conclude t h a t "autonomous systems are ecological units which can be specified by knowledge of the internal dynamics and the boundary conditions alone". The d e f i n i t i o n o f t h e c h a r a c t e r i s t i c t i m e s c a l e f o r a given area i s n o t a simple problem t o match t o t h e r e s e a r c h q u e s t i o n .
I n e s t u a r i n e ecosystems, t h i s t h e o r e t i c a l view takes on practical importance because i t i s d i f f i c u l t t o d e f i n e t h e b o u n d a r i e s o f ecological processes without a g r e a t d e a l o f d e s c r i p t i v e knowledge, much o f w h i c h i s d e r i v e d from monitoring.
W e believe that our concern about scale should be emphasized f o r t h o s e who design and implement monitoring, research and management programs f o r coastal marine environments.
Interpretation o f m o n i t o r i n g r e s u l t s i s i n t i m a t e l y a s s o c i a t e d w i t h s c a l e o f measurement. The research community has many important questions t o answer a b o u t s c a l e e f f e c t s , e s p e c i a l l y q u e s t i o n s concerning how t h e e x t e n t o f damage w i l l change as a r e s u l t o f v a r i o u s r e m e d i a l
or disposal actions (47).
FIELD VALIDATION General Considerations The basic questions are old ones. What i s r e q u i r e d t o p r e d i c t e n v i r o n m e n t a l e f f e c t s o f a contaminant on a coastal ecosystem? How useful a r e l a b o r a t o r y s t u d i e s , i.e., t o x i c i t y t e s t s , i n p r e d i c t i n g e f f e c t s on populations, communities and ecosystem processes? The w a t e r q u a l i t y c r i t e r i a p u b l i s h e d by t h e U.S. EPA (48) weye based l a r g e l y on s i n g l e -s p e c i e s l a b o r a t o r y t e s t s , y e t r e s u l t s o f t h e s e t e s t s have been e x t r a p o l a t e d t o many f i e l d s i t u a t i o n s .
The reason f o r a s k i n g q u e s t i o n s i n a broad context i s t h a t t h e concern may be at the organismor p o p u l a t i o n -l e v e l (e.g., d e c l i n e o f t h e snook f i s h e r y , C e n t r o omus undecimalis, i n southern F l o r i d h a t e r s ) , b u t t h e causal explanation may i nvol ve ecosystem-1 eve1 processes. a s e r i e s o f t e s t s o f graded ecological complexity would allow a more r e f i n e d a n a l y s i s o f t h e m o s t a c c u r a t e and p r e d i c t i v e t e s t system. I n t h e p r o c e s s , one should be able to determine the simplest test system that performs within acceptable l i m i t s w i t h a known degree o f s t a t i s t i c a l c o n f i d e n c e f o r a p a r t i c u l a r t y p e o f q u e s t i o n . O p e r a t i o n a l l y , t h l s p r o b l e m i s h a n d l e d t h r o u g h s t a t i s t i c a l i n f e r e n c e s and c o n f i d e n c e l i m i t s . T h i s adds t o t h e need f o r e s t u a r i n e r e s e a r c h e r s t o e x p l a i n t h e n a t u r e o f u n c e r t a i n i t i e s i n h e r e n t i n t h e i r e x p e r i m e n t a l design so as
L e v i n and Kimball (49) cite several reasons why i t i s d i f f i c u l t t o e x t r a p o l a t e f r o m l a b o r a t o r y t o t h e f i e l d . F o r example, it i s v e r y d i f f i c u l t t o s i m u l a t e i n l a b o r a t o r y t e s t c o n d i t i o n s t h a t a l l o w " n o r m a l " o r g a n i s m i c behavior, the gradients of environmental f a c t o r s t e n d t o be steeper i n t e s t i n g a p p a r a t u s (e.g., s a l i n i t y i n t h e f i e l d may change by 5 p p t o v e r 10 km, b u t i n a mesocosm, t h e same change may o c c u r w i t h i n a few meters). The v a r i a b l e s p a t i a l and temporal gradients i n t h e f i e l d a r e d i f f i c u l t t o d u p l i c a t e . I t i s p r a c t i c a l l y i m p o s s i b l e t o t e s t t h e e f f e c t s o f a l l c o n t a m i n a n t s o v e r a wide r a n g e o f f i e l d c o n d i t i o n s . B u t , it i s p o s s i b l e t o i d e n t i f y common c h a r a c t e r i s t i c s i n t h e response o f c l a s s e s o f c o n t a m i n a n t s t o s
The a b i l i t y t o p e r f o r m an e v a l u a t i o n i s enhanced by knowledge o f e c o l o g i c a l s t r u c t u r e and f u n c t i o n o f t h e system, p a r t i c u l a r l y i t s temporal and spatial scales of processes. "Otherwise, it i s a g i a n t s t e p b e t w e e n t e s t systems and t h e f i e l d " (50). This premise i s based on factors other than the contaminant e f f e c t s t h a t a r e an i m p o r t a n t p a r t o f an ecological causal framework. Background i n f o r m a t i o n on l i f e h i s t o r i e s o f key species i s a necessary adjunct t o understanding e c o l o g i c a l r e l a t i o n s h i p s ( 5 1 ) . The problem o f u s i n g t e s t systems t o s i m u l a t e t h e f i e l d i s t h a t t h e f l o w o f i n f o r m a t i o n i s d i r e c t i o n a l (6). The f i e l d i s t h e " r e a l i t y " t h a t i s t h e o b j e c t o f p r e d i c t a b i l i t y ; t e s t systems serve t h i s o b j e c t i v e . I n s i g h t s g a i n e d f r o m t e s t systems may r a i s e q u e s t i o n s t h a t w o u l d be o f i n t e r e s t t o examine i n t h e f i e l d , b u t t h i s i n t e r a c t i v e r e l a t i o n s h i p does n o t change t h e o v e r a l l o b j e c t i v e .
A key p o i n t r e g a r d i n g l a b o r a t o r y and f i e l d t e s t systems i s t h a t t h e y o f t e n c o n t a i n " a r t i f a c t s " ( 6 ) . I t i s a c h a l l e n g e t o r e d u c e t h e i n f l u e n c e o f t h i s b i a s when r e l a t i n g t h e t e s t system t o t h e f i e l d . For example, i t i s o f t e n d i f f i c u l t t o a d j u s t f o r d i f f e r e n t i a l r e c r u i t m e n t o f o r g a n i s m s a f f e c t e d by s t r u c t u r e o f t h e t e s t system or l a c k o f r e f u g e f r o m predators where s i z e o f t h e t e s t system' p r o h i b i t s a d e q u a t e r e p r e s e n t a t i o n
n o t t o i m p l y f a l s e e x p e c t a t i o n s f o r t h o s e i n t e r e s t e d i n t h e q u e s t i o n s or t h e a p p l i c a t i o n o f i n f o r m a t i o n d e r i v e d f r o m t h e research. Coastal ecosystems seldom are stressed by s i n g l e f a c t o r s (e.g., nutrients, sediments and t o x i c c h e m i c a l s ) . I n a d d i t i o n , t h e e f f e c t s o f a occasional episodic events (i.e., hurricanes) may have a r e s i d u a l e f f e c t , especially through sediment exchanges. Such e v e n t s a r e p a r t o f t h e n a t u r a l r e g i m e and c o m p l i c a t e i n t e r p r e t a t i o n , t y p i c a l l y , b e c a u s e o f a l i m i t e d d a t a base. Such problems may c o m p
l i c a t e t h e l o c a t i o n o f r e f e r e n c e a r e a s . Mesocosms may h e l p p a r t i a l l y t o o f f -s e t t h i s d i f f i c u l t y (20).
The most elegant experimental design may focus on n e a r -p r i s t i n e a r e a s as r e f e r e n c e s i t e s . Nutrient-enriched systems may respond d i f f e r e n t l y t o t o x i c c h e m i c a l s t r e s s t h a n nutrient-improvished ones (e.g., t r a c e m e t a l m o b i l i z a t i o n ) . T h i s s u g g e s t s t h a t a more a p p r o p r i a t e d e s i g n w o u l d t e s t t o x i c c h e m i c a l s over a r a n g e o f c o n d i t i o n s t h a t i n c o r p o r a t e n u t r i e n t g r a d i e n t s .
A f u r t h e r c o n s i d e r a t i o n i s t h e e x t e n t t h a t n u t r i e n t e n r i c h m e n t may affect the actual chemical exposure.
The Strategy The p r e v i o u s d i s c u s s i o n p o i n t s o u t t h a t it i s o f t e n d i f f i c u l t t o a p p l y d a t a f r o m c o n t r o l l e d l a b o r a t o r y s i n g l e -s p e c i e s t e s t systems t o possible responses of estuarine systems
, w h e r e a l m o s t l i m i t l e s s i n t e r a c t i o n s o c c u r a t v a r y i n g s c a l e s w i t h c h a r a c t e r i s t i c f r e q u e n c i e s , magnitude and duration. However, we b e l i e v e t h a t e s t u a r i e s as e c o s y s t e m s a r e n e i t h e r t o t a l l y c h a o t i c n o r t o t a l l y d e t e r m i n i s t i c ; t h e r e i s a b a s i s f o r p r e d i c t a b i l i t y .
The problem i s t o focus on t h o s e i n t e r a c t i o n s t h a t c o n t r i b u t e t o v a r i a b i l i t y i m p o r t a n t t o t h e r e s e a r c h question, not focus
on a l l p o s s i b l e i n t e r a c t i o n s .
Conceptual models are useful heuristic devices f o r f o c u s i n g on r e l e v a n t e c o l o g i c a l i n t e r a c t i o n s and provide a framework for research questions. 
such as t e m p e r a t u r e , s a l i n i t y , and d i s s o l v e d oxygen and t h e i r combined i n t e r a c t i o n w i t h e c o s y s t e m d r i v i n g f o r c e s s u c h as s u n l i g h t , t i d e s , and w i n d e f f e c t s on mixing of waters. Conceptual models are useful i n simp1 i f y i n g ecosystem complexity (e.g., d e t e r m i n i n g t h e c o n f i g u r a t i o n o f p o p u l a t i o n i n t e r a c t i o n s and system parameters) (58).
L e t h a l i t y i s a widely used endpoint and has t h e u n e q u i v o c a l v i r t u e o f b e i n g f i n a l b u t does n o t o f f e r much i n s i g h t a b o u t t h e p o t e n t i a l l y more damaging e f f e c t s o f c h r o n i c s t r e s s . I n g e n e r a l , i n T h i s n e x t s t e p i n v o l v e s e s t i m a t i o n o f w h e t h e r chemical measurements o r o t h e r e n d p o i n t s used t o r e p r e s e n t p e r t u b a t i o n s c a n b e measured w i t h i n t h e s c a l e o f t h e q u e s t i o n (e.g., creek, e s t u a r i n e segment, etc.). This information helps define the appropriate subsystem ( e x p o s u r e f i e l d ) i n t h e h i e r a c h i a l s t r u c t u r e t h a t c o u l d b e i n f l u e n c e d by contamination or other pertubations. Absent, i t i s d i f f i c u l t t o l i n k e f f e c t s t o exposure under r e a l i s t i c c o n d i t i o n s .
I n f i e l d e x p e r i m e n t a l s i t u a t i o n s , where one has control over the exposure f i e l d , i t i s common p r a c t i c e t o p l a n f i e l d exposures under predicted concentrations of a contaminant.
Once the problem has been scoped f o r p o t e n t i a l c o n s i d e r a t i o n s o f r e a l i s t i c f i e l d e x p o s u r e and the research question appears amenable t o one or more enclosure experiments ( i .e., l a b o r a t o r y a n d f i e l d c o r r a l s ) , t h e n t h e mesocosm f i e l d e n c l o s u r e / e x c l o s u r e f r a m e w o r k i s a p p l i c a b l e ( F i g u r e 4).
Here, we see a gradation i n experimental and ecological c o m p l e x i t y f r o m s i n g l e -s p e c i e s t o s t a t i c microcosm tests through flow-thru microcosms t o f i e l d mesocosms, t o f i e l d e n c l o s u r e s / exclosures and f i n a l l y t h e f u l l -f i e l d ecosystem. T h i s e x p e r i m e n t a l d e s i g n a l l o w s f o r p a r t i t i o n i n g o f e x t r a n e o u s v a r i a b i l i t y i n a reductionist sense and t h e a b i l i t y t o d i s c e r n p e r t u r b a t i o n pathways i n t h e system through which an effect may be propagated i n a h o l i s t i c c o n t e x t (20).
If t h e q u e s t i o n i s s u c h t h a t i t i s n o t f e a s i b l e t o use various kinds of experimental container systems, t h e n t h e n e x t b e s t a l t e r n a t i v e i s t o attempt comparative ecological assessments, either employing beforeand-after baseline 
u t t h e p o s s i b i l i t y o f n o t h a v i n g a meaningful control or reference environment a v a i l a b l e may r e d u c e t h e a c c e p t a b i l i t y
Of t h e design. These alternative approaches with experimentation requirements are diagrammed i n F i g u r e 5. An e f f e c t i v e l o n g -t e r m S t r a t e g y would be t o combine d i r e c t f i e l d e X p e r i m e n t a t i O n w i t h m u l t i p l e r e f e r e n c e s a r e a s , s i m i l a r t o the approach employed i n t h e York River estuary, Chesapeake Bay and Apalachicola Bay s t u d i e s ( 6 ) , w i t h t h e e x p e c t a t i o n o f i n c r e a s i n g t h e Note t h e power o f s c i e n t i f i c u n d e r s t a n d i n g ( r e d u c t i o n o f u n c e r t a i n i t y ) i n c r e a s e s f r o m l e f t t o r i g h t .
Management and r e g u l a t o r y o p e r a t i o n a l " v e r i f i c a t i o n " i s i n c l u d e d t o show t h e l i n k a g e between research and management.
power o f g e n e r a l i z a t i o n and p r e d i c t a b i l i t y . The importance of transferring knowledge gained i n t h e s c i e n t i f i c phase t o t h e management o r r e g u l a t o r y phase t o t e s t i f t h e management problem i s p r o p e r l y c o n c e i v e d i n a causal context i s noted i n F i g u r e 5.
The s t r a t e g y o u t l i n e d h e r e i n has p o t e n t i a l t o t e s t m u l t i p l e h y p o t h e s e s and generate complex data sets. Mathematical models are useful t o o l s f o r q u a n t i f y i n g e c o l o g i c a l r e l a t i o n s h i p s and i n t e g r a t i n g d a t a f o r g a i n i n g i n s i g h t s and m a k i n g p r e d i c t i o n s .
S t a t i s t i c a l models can be used as a k i n d o f e x p l o r a t o r y d i s s e c t i n g k i t o r as t e s t s o f s i g n i f i c a n c e (53). However, process modeling with computer simulation can r e l a t e s e v e r a l i n t e r a c t i n g p r o c e s s e s (64). Mann (65) gives some examples o f t h a t p r o c e s s models have provided ecological insights and u s e f u l p r e d i c t i o n s . He also discusses important l i m i t a t i o n s o f such models, e s p e c i a l l y a t t e m p t s t o aggregate large numbers o f complex variables. 
SUMMARY
a A n a l y s i s o f any environmental problem must b e g i n w i t h a c l e a r s t a t e m e n t o f t h a t p r o b l e m f o l l o w e d by f o r m u l a t i o n o f h y p o t h e s e s t h a t r e l a t e t o i t s deeper understanding and correction. Barnthouse et al. (29) remind U S t h a t some questions may be beyond t h e p r e s e n t s t a t e -o f -t h e a r t .
o Success i n i n t e g r a t i o n o f m o n i t o r i n g and research i s a f u n c t i o n o f t h e e x t e n t and d e p t h o f knowledge of the ecology of a c o a s t a l a r e a c o n s i d e r e d f o r s t u d y , e s p e c i a l l y b i o l o g i c a l i n f o r m a t i o n on n a t u r a l h i s t o r y a s p e c t s , i.e., spawning patterns, migratory pathways, seasona l i t y , p r e d a t i o n and r e c r u i t m e n t r e l a t i o n s h i p s . T h i s b i o l o g i c a l i n f o r m a t i o n must be combined w i t h a t h o r o u g h d e s c r i p t i o n o f p h y s i c a l a n d chemical parameters and processes o f the study area t o b e s t u n d e r s t a n d t h e i r r e l a t i o n s h i p ( s ) t o these environmental variables. This i n f o r m a t i o n can be used t o c o n s t r u c t a conceptual model o f t h e ecosystem o f i n t e r e s t (55,56). a It i s important t o u n d e r s t a n d t h a t e s t u a r i e s a r e s u b j e c t t o u n c o n t r o l l a b l e e v e n t s (e.g., floods, droughts, El Nino).
These e f f e c t s c a n b e s t b e d e a l t w i t h t h r o u g h t r e n d a n a l y s i s (time-series), comparative ecosystem analyses, and mathematical modeling; however, v e r i f i c a t i o n o f cause-and e f f e c t r e l a t i o n s h i p s may be d i f f i c u l t f o l l o w i n g e p i s o d i c e v e n t s t h a t change conditions of the ecosystem under study. Such changes become important antecedent conditions f o r f u t u r e s t u d i e s .
0 One should decide how t o a d d r e s s t h e i n f l u e n c e o f endogenous ecosystem processes t h a t a r e n o t a l w a y s r e a d i l y amenable t o experimental t e s t i n g , e.g., density dependent factors t h a t a f f e c t r e c r u i t m e n t t o p o p u l a t i o n s , a g e -s t r u c t u r e e f f e c t s and edge e f f e c t s o f d i s t r i b u t i o n a l p a t t e r n s o f p o p u l a t i o n s .
e Environmental gradients are important e c o l o g i c a l l y and t o x i c o l o g i c a l l y and d i f f i c u l t t o d e s i g n i n t o e x p e r i m e n t a l s y s t e m s a t t h e appropriate scale.
0 Important considerations i n experimental d e s i g n e x i s t ( s e e t h e t e n p r i n c i p l e s o u t l i n e d by Green C531). @ An a n a l y s i s o f s c i e n t i f i c u n c e r t a i n t y i s necessary t o m a i n t a i n a q u a l i t y s c i e n t i f i c program, but alone, i t i s i n s u f f i c i e n t f o r t r a n s l a t i n g and synthesizing the meaning of s c i e n t i f i c work f o r p u b l i c u n d e r s t a n d i n g . The s c i e n t i f i c community must c o n t r i b u t e t o the mutual educational process Of how o t h e r s v i e w s c i e n t i f i c u n c e r t a i n t i e s , because d e f i n i t i o n o f u n c e r t a i n t i e s by themselves do not provide guidance on how they should be managed.
0 F i n a l l y , we s u g g e s t t h a t f i e l d v a l i d a t i o n i s t h e process by which the spatial and t e m p o r a l s c a l e o f r e s e a r c h i s h i e r a r c h i c a l l y framed, t o t h e e x t e n t f e a s i b l e , t o b e c o n g r u e n t w i t h t h e s p a t i a l and temporal scale o f t h e phenomena b e i n g m o n i t o r e d u n d e r f u l l -f i e l d conditions.
The l i m i t s t o e x t r a p o l a t i o n f r o m l a b o r a t o r y r e s u l t s t o t h e f i e l d a l w a y s w i l l i n v o l v e t h i s c o n c e p t as p a r t o f any ecological causal framework.
CONCLUSION
Impediments and some consequences o f n o t c a r r y i n g o u t a more integrated approach t o e s t u a r i n e e n v i r o n m e n t a l s c i e n c e a p p e a r t o exact a t o l l on our a b i l i t y t o d e a l more e f f e c t i v e l y o v e r t h e l o n g -t e r m w i t h e s t u a r i n e resource issues. Although there are situations i n which i t i s n o t p r u d e n t f o r t h o s e who imp1 ement environmental 1 aws and resource management programs t o w a i t f o r l o n g -t e r m d a t a (e.g., 10 years of time-series data), such s i t u a t i o n s f o r c e an acceptance o f a c e r t a i n l e v e l o f u n c e r t a i n t y i n t h e d e c i s i o n p r o c e s s . The s t r u c t u r e d t i e r e d a p p r o a c h t h a t i n t e g r a t e s research and m o n i t o r i n g w i t h an acknowledgement o f t h e i m p o r t a n c e o f s c a l e g i v e s t h o s e i n decisionmaking and leadership roles an indication o f u n c e r t a i n i t y o f d e c i s i o n s a t any p o i n t i n t h e approach. Under i d e a l c o n d i t i o n s , t h e e n t i r e hierarchical system approach offers a s t r o n g p o s i t i v e s i g n t h a t e s t u a r i n e s c i e n t i s t s c a n address questions of high complexity and v a r i a b i l i t y m e a n i n g f u l l y . A m . 64(4) ~234-242.
